Abstract
Introduction morning levels and declining levels during the day; its secretion can be increased by physical or mental stress. We hypothesized that SFQ scores would predict cortisol elevation on the day of surgery compared to cortisol level on a control day. Cortisol can be measured in saliva where it serves as a good indicator of the serum unbound and active cortisol fraction. Salivary alphaamylase (sAA) can be used as an indicator of activation of the autonomic nervous system. Previous studies showed good correlation between sAA levels and acute stress [17, 18] . We hypothesized that SFQ scores would predict a greater increase in pre-to postoperative sAA levels.
As a secondary aim, we assessed predictors of the level and time course of fear. Based on the findings of previous studies, we expected fear to be higher in women, in patients with high levels of preoperative pain, in patients with generally high psychological vulnerability, and in patients reporting low social support [11, 13, [19] [20] [21] . Age, employment status, and educational level were included as additional factors that might be related to fear level and course, since these have been found predictive of surgical fear in some studies [11] .
In sum, we assessed sensitivity of the SFQ to detect differences in the preoperative time course of fear and sensitivity to detect changes in fear from first to second surgery. We hypothesized fear to increase closer to the time of surgery, and to be lower before the second surgery. Convergent validity was assessed by establishing the association of the SFQ with related selfreport measures and with biological indices of stress. Finally we examined potential predictors of the level and time course of surgical fear.
Materials and methods

Ethics statement
Prior to the conduction of this study, approval was obtained from the Medical Ethics Committee of the Maastricht UMC+, Maastricht, the Netherlands. Signed informed consent was obtained from all participants and the study was conducted according to the declaration of Helsinki. This study was registered at the Dutch Trial Register under number NTR4491.
Patient recruitment and sample size
Patient recruitment took place at the University Eye Clinic at the Maastricht UMC+, Maastricht, the Netherlands. Inclusion criteria were age over 18 years, scheduled for elective cataract surgery in a day surgery setting, (loco-)regional anesthesia, a good command of the Dutch language, an ASA classification varying from I to III, and time to surgery of over 7 days. Exclusion criteria consisted of previous cataract surgery on the contralateral eye during the past year, illiteracy, cognitive impairment, surgery scheduled under general anesthesia, ASA classification IV, Morbus Cushing, Addison's disease, hypothyroidism, hyperthyroidism, corticosteroid use (except inhaler), and participation in another trial.
If the true difference between mean SFQ scores assessed one week before surgery and assessed on the morning on the day of surgery is five, we would need to study 93 subjects in order to be able to reject the null hypothesis that this response difference is zero with a power set at 0.8. Based on prior data [11, 15] we assumed a standard deviation of 17 for the difference between SFQ scores. The Type I error probability associated with this test of this null hypothesis was 0.05. With an additional nine patients for correction of drop-out, 102 patients would need to be included.
Measurements
Surgical Fear Questionnaire (SFQ). The SFQ is an eight-item instrument for the assessment of self-reported surgical fear, suitable for general use among all types of adult surgery unemployed, disabled, housekeeping, other), educational level (no, lower, intermediate, higher, university), smoking (yes/no/stopped), alcohol use (yes/no), and medication use. The following groups of medications were considered for the analyses of surgical fear and cortisol: total number of home medication, COX-2 inhibitors, antidepressants, anxiolytics, hypnotic sedatives, nonsteroidal anti-inflammatory drugs, inhaled steroids, antihypertensives, anticonvulsants [26] .
Pre-surgical pain. Pain present prior to surgery was assessed separately for pain related and unrelated to the cataract surgery. At first patients were asked whether they had pain last week or not. If so, a pain intensity score reflecting any pain (related or unrelated to the eye) at the moment of completing the questionnaire was assessed with a 0-10 numerical rating scale [22] . The following baseline pain data were also assessed but not further analyzed: average and highest pain intensity during the last week, the onset of pain, the location of pain, and in addition to analgesic use, non-pharmaceutical pain treatment.
Social support
Social support was measured with the medical outcomes. Study Social Support Survey (MOS-SSS) questionnaire [27] . The MOS-SSS is a 19-item self-report questionnaire with four support subscales: emotional/informational, tangible, positive interaction, and affectionate support. In addition an overall support index can be calculated. One extra question assesses the number of close friends or relatives. Items are scored on a five-point scale. For the present study we used the total score, which is scaled from 0-100. Social support served as one of the control factors for stress, based on the assumption that patients with more social support might experience lower stress levels.
Stress. Stress was assessed at baseline using the Perceived Stress Scale (PSS) [28] . The PSS is a valid and reliable 10-item self-report measure of the degree to which life situations are appraised as stressful over the past month. Items are scored on a five-point scale. After rescaling of four positively worded items, a total score from 0-40 can be obtained by summation of the item scores. In addition, on the day of surgery patients were asked whether they had experienced a major event that caused stress in the week before surgery. Answer categories were no; yes, a little bit stress; yes, much stress; yes, very much stress.
Other per-and postoperative measures
Day of surgery. Body mass index (BMI), American Society of Anaesthesiologists (ASA) classification, co-morbidity, type of surgical intervention, type of local analgesia, duration of operation, perioperative complications, and unplanned hospital admission were assessed. Only data on ASA and hospital admission are reported.
Post-surgery questionnaire. At the final visit four weeks post-surgery patients handed in a final questionnaire completed one day earlier, assessing recovery as measured with the GSR. Patients responded to the question how much they felt recovered compared to their situation before surgery (0-100%). Patients were also asked if they were able to perform their daily activities again since the last surgery, and if true, the number of days until that moment. Finally, postoperative pain intensity was assessed using the NRS.
Furthermore we retrospectively assessed whether patients would like to have had additional therapy to treat their surgical fear. The question was: "Thinking back to the period from one week before surgery until the day of surgery: would you have appreciated any treatment of surgical fear?" Possible answers were: "No, I was not (very) afraid and I don't appreciate treatment", No, I was afraid, however I don't need treatment", or "Yes, I was afraid and would have appreciated treatment". Patients who answered "yes" were able to choose one or more of the following treatment categories they would have preferred: more information provided by the ophthalmologist or the anesthesiologist, counselling by a psychologist, relaxation exercises, guided visualization, meditation, pharmaceutical treatment, or other.
To control for events that might affect the cortisol levels, the occurrence of major stressful events other than the operation during the four postoperative weeks was assessed. Participants were asked: "during the past four weeks (after surgery), did you go through anything that caused a lot of stress?" Response categories were "no"; "yes, but just a little bit of stress"; "yes, much stress"; "yes, very much stress".
Procedure
Patients received a batch of date-and time-marked questionnaires and Salivette swabs the day they signed their informed consent form and the day of their first surgery. They were instructed to fill out the questionnaires and use the swabs at the indicated days and times, and for control, to register the exact dates and times of completion and saliva collection. The first SFQ was filled out on the evening one week before surgery (T1). At this time, patients also completed the baseline questionnaire. The second SFQ assessment took place on the evening before surgery (T2). On both of these days, patients were asked to collect three saliva samples, i.e., directly after awakening, in the afternoon between three and four o'clock, and in the evening between eight and nine. The third SFQ was filled out at home after awaking, on the morning surgery took place (T3). At this time, patients also scored fear on the NRS and took another saliva sample. In the hospital, two more NRS fear ratings were made, and at the same time saliva samples were taken: before surgery immediately after arrival at the ward of the University Eye Clinic, and after surgery when the patient had returned to the ward. Patients scheduled for cataract surgery on both eyes filled out the SFQ a fourth time, i.e., the evening before their second surgery (T4). Finally all patients returned to the hospital four weeks after (second) surgery for a control visit. The day before this control visit patients filled out the post-surgery questionnaire, containing questions on recovery, pain, and need for treatment of surgical fear (T5). Also, saliva samples were taken on that day, to serve as a baseline reference for cortisol. For an overview of the procedure see Fig 1 .
Cortisol was analyzed from the three saliva samples obtained on the two preoperative days, the morning sample and pre-and post-surgical samples on the day of the (first) surgery and from the three samples of the control day four weeks following surgery. Because sAA is thought to increase mainly in response to acute stressors, sAA was only analyzed in the immediate pre-and post-surgical samples on the day of surgery.
Data obtained by questionnaires were entered into a database in duplo by independent members of the study staff. Both databases were compared and all inconsistencies were corrected.
Statistical analysis
Descriptive analysis was performed on baseline and outcome data, using mean ± sd, median (25   TH   -75 TH percentile), number (%), or boxplots. To evaluate SFQ-s and SFQ-l scores over time bivariate analyses were performed using paired t-tests. We assessed whether there was an increase between T1 (one week before surgery) and T3 (the morning on the day of surgery), and for the binocular group we assessed whether there was a decrease between first surgery (T2, the evening before first surgery) and second surgery (T4, the evening before second surgery). Convergent validity of the SFQ was assessed by calculating Pearson's correlation coefficients between SFQ-s and SFQ-l at T3 and the preoperative NRS fear scores, also completed at home at T3. Furthermore correlations were assessed between SFQ-s and SFQ-l at T1, and expected pain, expected recovery (GSR), and expected number of days until resumption of daily activities. To assess convergent validity of the SFQ with the biomarkers cortisol and sAA, multivariate analyses of natural-log transformed cortisol and sAA levels were performed. For cortisol, the differences between the morning samples of the day of surgery and the control day 4 weeks later (T3-T5) were regressed on SFQ-s and SFQ-l in separate analyses. For sAA, the differences between the immediate pre-and post-surgical levels were calculated and regressed on SFQ scores. Potential confounding factors such as sociodemographic variables, smoking habits, health status (defined by ASA-classification), medication use (total number of home medications, hypnotic sedatives, inhaled steroids), and the time at which the sample was taken were added to the model [29, 30] . Results of the regression analyses are presented as beta (sd).
To examine predictors of the overall level and the time course of surgical fear before the first surgery, multivariate analysis was performed using linear mixed modeling with a random person intercept and time variables defining T2 and T3, while T1 served as a reference. Age, sex, employment status (recoded to paid job yes/no), educational level (recoded to no/lower, intermediate, or higher/university education), pain at baseline (NRS ! 4 versus < 4), social support (total score), perceived stress during the month prior to T1 as measured with the PSS, and stress during the week between T1-T3 (no/little stress versus (very) much stress) were included as predictor variables. We also included the use of anxiolytics and antidepressants as reported on the medical file as additional indicators of psychological vulnerability. Interaction effects between time and each of the selected variables were assessed per variable, for SFQ-s and SFQ-l separately. In the case of a significant interaction effect, the interaction terms were added to the multivariate model (criterion p < .10). The time variables, age, and sex were entered using a forced entry method, for all other variables a backward deletion procedure was used (criterion p < .10). A final selection criterion of p < .05 was used. A significant interaction with time reflects an effect of the respective variable on time course, while a significant main effect implies an overall effect of the respective variable on surgical fear, irrespective of time. Results are presented as estimate (sd), which reflect the change in outcome for each unit of change in the predictor.
A post-hoc analysis was performed to assess whether the SFQ-s and SFQ-l were related to patients' need for preoperative treatment of fear. Using independent t-tests, the SFQ-s and SFQ-l scores of patients indicating a need for additional psychological treatment for surgical fear were compared to the scores of patients not reporting this need. For all analyses a final pvalue < .05 was considered statistically significant. Analyses were performed using IBM SPSS Statistics for Windows, version 23.0. Armonk, NY, USA.
Results
Between March 2014 and January 2015 109 cataract surgery patients were included, of whom 98 (89.9%) were suitable for analyses. Detailed information on patient flow is presented in Fig  2. Mean (sd) age of the participants was 68.8 (8.9) years, 42 (42.9%) were female, and 49 (50.5%) were scheduled for cataract surgery on both eyes. Patients who underwent cataract surgery on the contralateral eye during the last year were excluded, however there were 17 (17.7%) patients who reported other eye surgery during the last year. Detailed information on the baseline characteristics is presented in Table 1 . Postoperative recovery was generally rated as good. Four weeks after cataract surgery perceived recovery on the GSR was 89.9% (sd 17.7), average pain in the eye during the last week was 0 (median, th percentile 0-1), 83 patients (89.2%) were able to perform their daily activities again (missing data 5), and the number of days before they were able to perform daily activities again since the last surgery was 6.9 (7.1). There were no unplanned hospital admissions.
Time course of surgical fear
Our data revealed low surgical fear scores at all time points for most patients. A minority of patients did however report considerable levels of fear, with a maximum of 36 for both SFQ-s and SFQ-l at T3. Mean (sd) SFQ-s scores were 8.2 (8.4) at T1 and 8.6 (8.7) at T3. The SFQ-l scores were 6.9 (8.1) at T1 and 8.1 (8.5) at T3. A paired t-test revealed that the increase between T1 and T3 was significant for SFQ-l (p = .034) but not for SFQ-s. At T2, the evening before the first surgery, the SFQ-s score of the total sample was 8.7 (8.5), SFQ-l was 7.7 (7.7). For the binocular group SFQ-s at T2 was 9.0 (sd 8.6) and decreased to 5.3 (5.8, p = .002) at T4, the evening before the second surgery. SFQ-l decreased from 8.0 (7.7) to 5.6 (6.2, p = .010). Details on SFQ results are presented in the boxplots of Fig 3. 
Convergent validity of the SFQ with NRS fear scores and preoperative expectations
On the day of surgery the NRS fear score at home was 2.6 (2.6) and pre-and postoperative inhospital scores were 2.7 (2.4) and 0.8 (1.4) respectively. Convergent validity of the SFQ was assessed using the preoperative NRS fear score assessed at home, and outcome expectancy scores. The Pearson correlations between SFQ-s and SFQ-l scores at T3 and preoperative NRS fear were high, .898 and .828, and significant at alpha = .01 level. The correlations of SFQ scores of T1 with expected pain were somewhat lower, .543 for SFQ-s and .493 for SFQ-l, but also significant at alpha = .01 level. Finally, negative correlations with expected recovery were found, -.267 significant at alpha = .05 level for SFQ-s and -.439 for SFQ-l, significant at alpha = 
Convergent validity of the SFQ with salivary cortisol and alpha-amylase
The cortisol levels sampled at T1-3 and T5 showed normal circadian patterns with levels decreasing by approximately 2 nmol/L per hour from morning through evening measures. Mean collection times complied with the given patient instructions, see S1 Fig and S1 Table. On average, the samples were collected one hour (sd 1.3) earlier on the day of surgery compared to the day before the control visit. Linear regression analyses were performed using the calculated difference between the natural-log transformed cortisol sample collected at home on the day of surgery and the morning cortisol sample of the day before the control visit as dependent variable, and SFQ scores as independent variables. Furthermore we corrected for potential confounders by including age, smoking, medication use (hypnotic sedatives, inhaled corticosteroids), ASA-classification, and both cortisol sampling times in the analyses. Analyses were performed separately for SFQ-s and SFQ-l. Change in cortisol level was predicted by time of day of the saliva collected at the day of surgery (T3 morning sample). Neither SFQ-s or SFQ-l, nor any of the mentioned confounders contributed significantly to the model, see Table 2 . Additional correction for the potential confounders stress and social support did not change these findings. Also the association between the SFQ and the cortisol samples collected at other time points was explored, however no association was found. The preoperative sAA level at T3 was 196.5 (158.3) U/ml mean (sd) and increased to 258.7 (197.1) postoperatively. A paired t-test on the natural-log transformed data revealed that this increase was significant, t -4.628 df 85 p < .001. Linear regression analysis was performed with the calculated difference between the natural-log transformed pre-and postoperative sAA sample as dependent variable. Also for sAA, assessed at the day of surgery, separate analyses were performed for SFQ-s and SFQ-l. We controlled for age, marital status, smoking, alcohol use, medication use (antihypertensives, inhaled corticosteroids, hypnotic sedatives, antidepressants, anxiolytics), health status (ASA-classification), and both sAA sampling times. We found no association between either surgical fear or any of the other co-variables with perioperative change in sAA level, see Table 2 .
Prediction of the level and course of fear
The following variables showed an interaction with time in their association with at least one of the subscales of the SFQ in bivariate analyses, and were therefore added to the multivariate model: educational level, perceived stress during the month before T1, stress during the week between T1-T3, use of antidepressants, and use of anxiolytics. The final results after a backward deletion procedure, for SFQ-s and SFQ-l are presented in Table 3 . For SFQ-s significant main effects were found for baseline pain [6.0 (2.2), p = .007] and perceived stress during the month before surgery [0.5 (0.1), p < .001]. Patients reporting higher pre-surgical pain and Cortisol: the difference between the natural-log transformed morning samples of the day of surgery and the control day 4 weeks later (T3 M minus T5 M). Salivary alpha amylase (sAA): the differences between the natural-log transformed pre-and post-surgical levels (T3 Pre minus T3 Post). Time: day time of sample collection. ASA:
American Society of Anesthesiologists.
https://doi.org/10.1371/journal.pone.0201511.t002
Validity of the Surgical Fear Questionnaire stress levels reported overall higher levels of surgical fear. Furthermore the effect of time (T3 versus T1) on surgical fear was different for patients with no/lower education compared to the reference group, patients with higher/university education [estimate -2.9 (1.3), p = .025]. For patients using antidepressants the effect of time (T2 versus T1) on SFQ-s was larger compared to patients not using antidepressants [6.8 (2.1), p = .001].
Significant main effects on SFQ-l were found for baseline pain and perceived stress during the month preceding T1. Similar to the findings with SFQ-s, baseline pain [8.6 (2.1), p < .001] and perceived stress during the month before surgery [0.5 (0.1), p < .001] were associated with higher SFQ-l scores. Also similar to SFQ-s, we found different effects of time in relation to educational level and use of antidepressants. The effect of time (T3 versus T1) for patients with no/lower educational level was opposite to that of the higher/university level group [estimate 
Postoperative evaluation
At T5, we assessed whether any form of preoperative treatment of surgical fear would be appreciated. Most of the patients (72, 77.4%) answered that they had not been afraid of the procedure and did not need any psychological treatment. Thirteen (14%) patients indicated that they had been afraid, but did not need any psychological treatment. Finally, eight (8.6%) patients indicated that they had been afraid and would have appreciated psychological treatment before surgery (five patients had missing data). However, 13 patients in total selected one or more of the proposed preoperative treatment options: more information from the ophthalmologist (8) or anesthesiologist (8) , counseling by a psychologist (2), relaxation exercises (2), guided visualization (3), meditation (2), medicinal treatment (3), other (3) . Interestingly, a post-hoc analysis revealed that all SFQ-s and SFQ-l scores at T1-3 of the 13 patients asking for preoperative treatment were significantly higher (mean SFQ-s and SFQ-l scores between 12.1 and 14.5) compared with the scores of the patients not asking for support (mean scores between 6.3 and 7.8, all p < .05).
Discussion
The results of this study provide further support for the validity of the SFQ. This is reflected by the high correlations with the fear NRS scores and the moderate but significant correlations with outcome expectancies. As hypothesized, the SFQ was capable of detecting changes in fear over a period from one week before surgery to the day of surgery (SFQ-l only), and in the binocular group also between fear of the first versus the second surgery. However, we found no association with the biological parameters cortisol or alpha-amylase.
Surgical fear levels assessed during the week before elective cataract surgery were low and fear of the short-term aspects of surgery remained stable. However, adequate sensitivity of the SFQ was shown by the detection of small but significant changes in fear over time for SFQ-l, before second eye surgery, and also by the finding that patients indicating any preference for treatment of surgical fear showed significantly higher fear scores. Because changes over time were small, these results suggest that surgical fear scores assessed at different time points in the week before surgery were comparable.
The generally low levels of surgical fear may be due to the refined preoperative procedure of patient assessment and patient information [31] . Also the knowledge that cataract surgery currently is one of the ultimate routine surgical procedures, performed in a modern wellequipped day-surgery setting, might lower preoperative fear levels. Although one previous study on cataract patients reported preoperative STAI anxiety levels above normal compared to norm scores [32], our findings are in line with several other studies on cataract patients [33, 34] or fast-track trauma and plastic surgery [35] that also reported low anxiety scores before surgery. The observed low fear scores might also have contributed to the fact that we did not find any association between SFQ and cortisol or alpha-amylase levels. It thus remains the question whether in a population with higher SFQ-scores an association would emerge.
Our data reveal further evidence for the validity of the subscales of the SFQ. Interestingly, for expected recovery, the strongest correlation occurred with the SFQ-l subscale, which includes questions on fear of incomplete and long duration of recovery. The highest correlation with expected pain was found with the SFQ-s, which includes a question on fear of pain, however the difference with SFQ-l was relatively small.
As a secondary aim we examined predictors of the level and preoperative course of surgical fear. In line with previous findings [11] , in this population preoperative pain was an overall factor strongly associated with increased SFQ-s and SFQ-l, together with perceived stress in .089 T1 = one week before surgery, T2 = the day before surgery, T3 = the day of surgery.
Baseline pain = any pain at baseline (NRS ! 4). MOS-SSS = Medical Outcomes Study Social Support Survey. PSS baseline stress = Perceived Stress Scale. Presurgical stress T1-T3 = much/very much stress resulting from a major event in the week before surgery.
https://doi.org/10.1371/journal.pone.0201511.t003
Validity of the Surgical Fear Questionnaire the month before T1. Educational level affected the course of SFQ-s and SFQ-l over time, but the effect sizes were smaller compared to the effect of baseline pain and antidepressant use. Only one other study assessed educational level in relation to the course of surgical fear. This study reported that education had no effect on the course of fear [9] . Previously reported main effects of educational level in relation to fear are conflicting. In one of the samples in our previous report, lower education was associated with lower fear whereas in the other samples lower educated patients had higher fear scores, albeit not significant across all samples [11] . Lower education was also associated with higher fear in another study [36] , whereas Ebirim found no differences in surgical fear prevalence between different educational levels [37] . In our study the impact of antidepressant use was substantial. In patients using antidepressants larger effects of time on both SFQ-s and SFQ-l were found. This corresponds with previously described associations between anxiety and depression by other authors [38, 39] . An interrelationship between depression and preoperative anxiety assessed two weeks before surgery was found in a study in cardiac surgery patients [40] . However, in contrast to our findings, depression two weeks before surgery was not associated with anxiety assessed one day before surgery.
Strengths and limitations
The strength of the current study is that further insight in the validity of the SFQ was obtained.
The current study further confirms the congruent validity of the SFQ and additionally it reveals that the SFQ is sensitive to detect even small differences in fear, based on time course or other causes. The main limitation of this study is that, as a result of the low fear level in the study population, the ability to assess potential associations between the SFQ and biomarkers cortisol and sAA was restricted.
Conclusions
Considering the associations with other self-report measures of fear, expected pain and recovery, our data support the validity of the SFQ. Moreover, the SFQ is sensitive to detect small changes in the preoperative course of fear in the week before cataract surgery. However, we found no association between the SFQ and biomarkers cortisol or alpha-amylase. Common factors influencing the course in time of both SFQ-s and SFQ-l are educational level and antidepressant use. Irrespective of time span to surgery, pain and stress at baseline predict increased surgical fear. Except for certain subgroups as mentioned above, the observed variations in fear scores were clinically insignificant, suggesting that in general, surgical fear scores assessed at different time points in the week before surgery are well comparable. 
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